1 



(19) 



(12) 



(43) Date of publication: 

15.09.1999 Bulletin 1999/37 

(21) Application number: 99104616.0 

(22) Date of faing: 09.03.1999 



Europasches Patentamt 
Europaan Patent Office 
Office europ^endes brevets (11) EP 0 942 470 A2 

EUROPEAN PATENT APPUCATION 

(51) lnta«: HOI L 23/66 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES R FR GB GR IE IT U LU 


• KaMmoto, Noriko 




IVICNLPTSE 


Nara-shi, Nara (JP) 




Designated Extension States: 


• Suematsu, Eiji 




AL LT LV MK RO SI 


Nara-shi, Nara (JP) 


(30) 


Priority: 1 0.03.1 998 JP 581 9298 


(74) Representative: 






RADlLER & HOFFMANN PatentanwSlte 


(71) 


Applicant: 


Innera Wiener Strasse 17 




Sharp Kabushiki Kalsha 


81667 MOnchen (DE) 




Osaka-Shi, Osaka 545-8522 (JP) 



(54) High-frequency semiconductor device 

(57) A high-frequency semiconductor device 
indudes an interconnection substrate (10) having one 
surface where a substrate high-frequency circuit (12) 
indudtng a front ground (14) is formed and the other 
surface where a t>ack ground (16) is formed, and periph- 
eral bumps (41) induding ground bumps placed on the 
periphery of a high-frequency semiconductor dhap (30) 
with an interval equal to or less than a first prescribed 
length to surround the high-frequency semiconductor 
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cNp (30) where a chip high-frequency circuit (32) is 
formed. Conductive through holes (22) are placed in a 
region of the interconnection substrate (10) separated 
from a signal tine (13) connected to a signal bump of the 
high-frequency semiconductor chip (30) by the first pre- 
scribed length or less and separated from the peripheral 
bumps (41 ) by the first prescrifc>ed length or less for con- 
necting the front ground (14) and the k^ack ground (16). 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

[0001 ] TTie present invention relates to high-frequenc/ 
eemicorxiuctor devices used in the range of high^re- 
quenc/ waves such as microwave and millimetric wave, 
and particularly to a high-frequency semioorvluctor 
device having a superior higtvfrequency characteristic. 

Description of the Background Art 

[0002] As the processing speed of information proces- 
sors improves and the resolution of image processing 
devices is enhanced, high-speed and large-capacity 
personal communication in the high-frequency range 
such as the millimetric wave band of 30Q-300QHz, or 
the centimetric wave band and eutjmillimetric wave 
band of frequencies higher or lower than that is attract- 
ing attention recently. In such comnxinication. not only 
making use of the high-frequency characteristic txjt 
dev^opment of a Ngh-frequency package with small 
size, low cost and short development period is 
required. 

[0003] Generally, the high-frequency package often 
requires sealing in terms of three aspects, that is. elec- 
tromagnetic wave, hermetic concern, and mechanical 
concern. In terms of the mechanical aspect, the reason 
for sealing is similar to that of the orcfinary semiconduc- 
tor packaga In terms of the hermetic aspect, the reason 
for sealing is that variation of moisture and temperature 
often influences the high-frequency characteristic of the 
high-frequency serrdoonductor chip. 
[0004] With regard to the sealing in terms of electro- 
magnetic wave, in a high-frequency package for fre- 
quencies in the millimetric wave band and the band of 
frequencies higher and lower than that, the factor which 
is negligible in the ^tigh-frequency package of the 
mobile telephone or PHS (Personal Harvly-phone Sys- 
tem) with relatively lower frequency in the millimetric 
^ wave t>and is inportant in designing the high-frequency 
semicorxiuctor device. Specifically, In the range of the 
millimetric wave band, the wavelength is 1-1 0mm in the 
atmosphere, and the effective wavelength is approxi- 
mateiy from 100 microns to several millimeters consid- 
ering the dielectric constant of the material constituting 
the packaga This length corresponds to the size of the 
high-frequency semiconductor chip, package or high- 
frequency circuit, so that the three-dimensional shape 
thereof as well as the material characteristics such as 
the dielectric constant and the dielecfrtc loss have a sig- 
nificant influertce on the high-frequency characteristic of 
the Ngh-frequency packaga In view of this, the design 
of the three<limensional shape in the package 
becomes an vtportant tector. 
[0005] Fig. 1 shows a aoss section of a convemioral 



high-frequency package c» the first example. The high- 
frequency package includes an interconnection sub- 
strate 10. a Ngh-frequency semiconductor chip 30 
where a high-frequency circuit 32 is formed, a pluFsility 

5 of txjmps 40, and a cap 50. On interconnection sub- 
strate 10. high-frequency semiconductor chip 30 is con- 
nected by chip-bonding. Bumps 40 of high-frequency 
semiconductor chip 30 include signal bumps for input, 
output, power »ippty, bias and the like as well as several 

to ground twmps. These bumps are used only for connec- 
tion of high-frequency semiconductor (^ip 30. Cap 50 is 
formed of metal, for exampla in order to provide not 
only hermetic and mechanical sealing Ixjt sealing in 
terms of electromagnetic wave. 

15 [0006] Rg. 2 shows a cross section of a conventional 
high-frequency package as the second example. The 
high-frequency package is the invention disclosed in 
Japanese Patent Laying-Open No. 4-79255, The differ- 
ence between tiie invention and the conventional art 

20 shown in Rg. 1 is that an electromagnetic wave absorp- 
tion block 70 is provided wittiln a cap 50 for absorbing 
electromagnetic waves emitted from a gap l>ebveen a 
high-frequency semiconductor chip 30 and an intercon- 
nection sul>strate 10 to prevent unnecessary interfer- 

25 ence and reflection, 

[0007] Rg. 3 shows a cross section of a conventional 
high-frequency package as the third example. The dif- 
ference between tNs package and the conventional art 
shown in Rg. 1 is ttiat a plurality of high-frequency sem- 

30 ioorxluctor chips 30a and 30b are provided inside a 
package formed of an interconnection substrate 10 and 
a cap 50 in oider to provkle the high-frequency semi- 
conductor with multifunction or an improved high-fre- 
quency characteristic. 

35 [0008] Rgs. 4A and 4B respectively illustrate a cross 
section of a conventional high-frequency package as 
the fourth exanple and a manufacturing procedure 
tiiereof. The high-frequency package includes an inter- 
connection substrate 10. separate packages 52a and 

40 52b, and a guard cap 56. As shown in Rg. 4B, high-fre- 
quency semiconductor chips 30a and 30b are respec- 
tively housed in separate packages 52a and 52b. and 
separate packages 52a and 52b are reversed to be 
placed in package insert holes 28 of interconnection 

45 substrate 10. In the high-frequency package accord- 
ingly produced, a high-frequency signal One 58 at sepa- 
rate package 52b and a high^requency sigr^ line 59 at 
interconnection substrate 10 are connected, and the 
exposed portion of high-frequency signal Gne 59 at 

60 interconnection substrate 10 is covered with guard cap 
56 as shown in Rg. 4A. 

[0009] Regarding the conventional art illustrated in 
Rg. 1 . bumps 40 connected to tiie periphery of high-fre- 
quency semiconductor chip 30 are used for electrical 
55 connection of high-frequency semiconductor ctiip 30 
only. Therefore, electromagnetic waves emitted from 
chip high-frequency circuit 32 inside high-frequency 
semiconductor chip 30 leak from the gap between high- 
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frequency semiconductor chip 30 and interconnection 
substrate 10. This leakage causes reflection and inter- 
ference of the electromagnetic waves on the inner sur- 
face of cap 50 formed of metal, increase of noise le/el. 
geneiBlion of ripple and the like, leading to difficulty in 
implementation of a high performance high-frequency 
package having a superior characteristic such as low 
noise and wideband. 

[0010] Regarding the second conventional art illus- 
trated in Fig. 2. electromagnetic wave absorption block 
70 having an appropriate shape is arranged at any suit- 
able location in order to prevent deterioration of the 
high-frequency characteristic caused by the el^ro- 
magnetic waves leak&ig from the gap between high-fre- 
quency semiconductor chip 30 and interconnection 
substrate 10. However, design of the shape and 
arrangement of electromagnetic wave absorption block 
70 is difficult, and a series of processes of simulation, 
trial manufacture, and measurement evaluation should 
be repeatedly carried out for optimization. Conse- 
quently, the development period increases and the 
design cost becomes enormous. Further, a high-fre- 
quency package housing a high-frequency semicon- 
ductor chip having various functions, various sizes, and 
various ways of emission of the electromagnetic waves 
in order to meet the needs for various types of products 
is required, and corresponding de^'gn should be made 
individually. Qenerally. it is desirable to proceed devel- 
opment and design of a high-frequency package while a 
high-frequency semiconductor chip is developed and 
designed. However, manufacturnig of the high-fre- 
quency package as a trial for measurement evaluatk>n 
of electromagnetic wave emission is impossible unless 
the high-frequency semiconductor chip is avaSable. In 
addition, if the number of chips obtained from a wafer is 
increased to reduce the cost and accordingly the size of 
the chip itself is reduced, or if one chip and one package 
are realized by assembling different chips and different 
packages, the chip size and the interconnection sub- 
strate shouM be changed. A problem in this case is that 
the three dimensional shape of the package should be 
designed again. 

[001 1 ] Regarding the third conventional art migrated 
in Fig. 3, electromagnetic waves leak from the gap 
between high-frequency semiconductor chip 30a or 30b 
and interconnection substrate 10. and the electromag- 
netic wave from high^requency semiconductor chip 30a 
and the electromagnetic wave from high-frequency 
semiconductor chip 30b influence each other even if the 
entire interconnection substrate 10 is covered with cap 
50, and thus a superior high-frequency characteristic is 
not achieved. For this reason, the electromagnetic wave 
absorption block or the like may be pn^vided. However, 
the increase in the nunrter of high-frequency senti con- 
ductor dhaps leads to enormous drff icutty in design of the 
electromagnetic wave absorpticyi block Further, the 
problem above cannot be soh^ed tiy the electromagnetic 
wave absorption block only. 



[001 2] In the fourth conventional art shewn in Rgs. 4A 
and 4B. separate package 52a accomnnodating high- 
frequency semicorxiuctor cNp 30a and separate pack- 
age 52b accommodating high-frequency semiconductor 

5 chip 30b sue formed as separate units so tirat design of 
the high-frequency package is easy. However, a con- 
necting point is necessary between high-frequency sig- 
nal line 58 of separate package 52 and high-frequency 
signal line 59 of interconnection sutsstrate 10. Conse- 

10 quentfy, compared with the high-frequency semicon- 
ductor chip which is flip-chip bonded directly to the 
interconnection substrate, two connecting points are 
added per one ch^ between chip high-frequency cir- 
cuits 32 and substrate high-frequency drctnts (rK>t 

16 shown). Generally, unnecessary reflection is likely to 
occur at the connecting points, and the increase of the 
unnecessary reflection leads to reduction in the high- 
frequency characteristic. In manufacturing of the sepa- 
rate high-frequency packages, two connections of the 

20 ffip-chip bonding and the separate cap sealing are 
required. Addttionafly. one connection for mounting the 
IrKfnndual high-frequency package onto the intercon- 
nection sutjstrate is required. Accordingly, total tiiree 
connections per one chip are requbed. resulting in 

2S reduction in the high-frequency characteristic. As the 
nunrt^er of mounted high-frequency semlGonductor 
chips incr^ses. the number of manufacturing proc- 
esses also increases, and the productivity is accord- 
ingly decreased. Further, the increase in the number of 

30 nx)unted Ngh-frequency semiconductor chips leads to 
a relatively large size of the interconnection substrate. 
In terms of the high-frequency, it is desirable that high- 
frequency signal One 58 of separate packages 52a and 
52b and high-frequency signal line 59 of Interconnection 

35 substrate 10 are located on the same plane. Therefore, 
package insert hole 28 of interconnection substrate 10 
becomes necessary and thus the number of manufac- 
turing processes further increases. 
[0013] In the conventional art illustrated in Rgs. 4A 

40 and 4B, guard cap 56 is provkied at the portion of high- 
frequency signal line 59 on interconnection sutsstrate 10 
that is not covered witii tiie separate packages. Since 
there is approximately one portion per one chip of the 
high-frequency signal line that is not covered with the 

45 separate packages, con-esponding numt>er of guard 
caps 56 should be provided. 

SUMMARY OF THE INVENTION 

60 [0014] One object of the present invention is to pro- 
vide a high-frequency semiconductor device having a 
efructure for sealing in terms of elecfromagnetic wave to 
exh3}it a 8uperk>r high-frequency characteristic with a 
small size. 

55 [0015] Artother object of the present invention is to 
provide a high-frequency semiconductor device having 
a structure for sealing in terms of electromagnetic wave 
to reduce tiie devetopment period and cost 
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[0016] According to one aspect of the invention, a 
high-frequency semioonductor de^ includes an inter- 
connection substrate having one surface where a sub- 
strate high-frequency circuit including a first ground is 
formed arxi the other surface where a second ground is s 
formed, peripheral bumps induilng grotixi bumps 
placed on the periphery of a high-frequency semioon- 
ductor chp with a spacing equal to or less than a first 
prescribed length to surround the high-frequency semi- 
conductor chip where a chip high-frequency drcuit is w 
formed, and conductive through holes placed in a 
region separated by the first prescribed length or less 
from a signal line connected to a signal bump of the 
high-frequency semiconductor chip and separated by 
the first prescrftsed length or less from the peripheral is 
ksumps for connecting the first ground sard the second 
ground. 

[0017] The peripheral bumps are placed on the 
periphery of the chip to surround the high-frequency 
semiconductor chip, so that electromagnetic waves zo 
generated as the waveguide mode are cut off to prevent 
leakage of electromagnetic waves. 
[0018] The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the foDowing detailed zs 
description of the present invention when taten in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0019] 

Fig. 1 illustrates a cross section of a high-frequency 
package of the first conventional art. 
F^9. 2 illu^tes a cross section of a high-frequency 3S 
package of the second conventional art 
Fig. 3 illustrates a cross section of a high-frequency 
package of the third conventional art. 
Rgs. 4 A and 4B Olustrate cross sections of a high- 
frequency package of the fburtfn conventional art 4o 
Fig. 5 is a plan view illustrating a high-frequency 
semiconductor device according to the first embod- 
iment of the invention. 

F^. 6 illustrates a cross section of the high-fre- 
quency semiconductor device shown in Fig. 5 along 4S 
X-Y. 

F^s. 7A-7C illustrate details of an area where a 
chip of the high-frequency semiconductor device is 
mounted according to the first embodiment of the 
inventioa eo 
Ftg. 8 is an enlarged perspective view of a signal 
fine of the high-frequency semiconductor device 
according to tfie first embodiment of the inverrtion. 
F'tQ, 9 is a plan view of a high-frequency semioon- 
ductor chip of the high-frequency semiconductor ss 
device according to tt>e first embodiment of the 
Inventioa 

Fig. 10 is a perspective view illustrating an alterna- 



tive method of arranging burrps of the high-fre- 
quency semicorvluctor device according to the f irst 
emtxxfiment of the invention. 
Rg. 1 1 is a cross sectional view illustrating an alter- 
native Ngh^requency semiconductor chq> of the 
high-frequ&icy serrtioonductor device according to 
the first emt)odiment of the invention. 
Rgs. 12A-12D illustrate shapes of bumps of the 
Ngh-frequency semiconductor device according to 
the first emlxxJiment of the invention. 
Rg. 13 is an enlarged perspective view of a portion 
where a peripheral signal t)ump and the signal line 
of the h^h-frequency semiconductor chip of the 
high-frequency semiconductor device are con- 
nected according to the fvst embodiment of the 
invention. 

Rg. 14 is an enlarged cross sectional view of a joint 
connecting an outer periphery ground arxJ a cap of 
the high-frequency semiconductor device accord- 
ing to tiie first embodiment of the invention. 
Rg. 15 is a aoss sectional view illustrating an alter- 
native method of jointing the outer periphery 
ground and the cap. 

Rg. 16 is a perspective view iRustrating the cap of 
the high-frequency semicorKjuctor device accord- 
ing to tiie first embodiment of the invention. 
Rg. 17 is a cross sectional view illustrating a cross- 
ing portion of the signal fine and an edge of the cap 
of the high-frequency semiconductor device 
according to the first emisodiment of the invention. 
Rg. 18 is a plan view fliusfrating the crossing por- 
tion of the signal line and the edge of the cap of the 
high-frequency semioonductor device according to 
the first embodiment of the invention. 
Rg. 19 illustrates a cross section of a high-fre- 
quency semiconductor device according to the sec- 
ond embodiment of the invention. 
Rg. 20 illustrates a cross section of a high-fre- 
quency semiconductor device according to the third 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(First Embodiment) 

[0020] Referring to Fig. 5. according to the first 
embodiment of the invention, a high-frequency semi- 
conductor device includes an interconnection substrate 
10, a high-frequency semicorxluctor chip (not shown), 
and a conductive cap 50. On the front of interconnection 
substrate 10. a substrate high-frequency circuit 12 and 
an outer periphery ground 15 are formed. Substrate 
high-frequency circuit 12 is formed of a signal intercon- 
nection line 13 for biput output, power supply, bias and 
the like and a firont ground 1 4. Conductive through holes 
22 are formed around signal interconnection line 13 to 
penetrate a substrate basa 
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[0021 } The dotted line 1 9 indicates a chip mount area 
where a high-frequency semiconductor chip 30 is 
mounted, and a coplar^ line including a perimeter 
re^on 20 Is formed. The high-frequency semiconductor 
dhap is mounted in the chip mount area by flip-chip 
bonding with bumps 40. 

[0022] Rg. 6 illustrates a cross section of the high-fre- 
quency semiconductor device along X-Y shown in Fig. 5 
according to this emkxxliment High-frequency semi- 
conductor d^p 30 is shown to be placed in chip mount 
ar^ 19 shown in Rg. 5. and conductive through holes 
22 are shown to penetrate substrate base 11 to be con- 
nected to outer periphery ground 15 and a t>ack ground 
16. 

[0023] Rge. 7A-7C are plan views illustrating details of 
chip mount area 19 shown in Rg. 5. Rg. 7A shows the 
region of chip mount area 19. In Rg. 7B. perimeter 
region 20 is formed of the coplanar line. A central por- 
tion 21 of chip mount area 19 shown in Rg. 7C is desir- 
ably formed as a ground or a coplanar type line in order 
to prevent unnecessary coupling of chip high-frequency 
circuit 32 and substrate high-frequency circuit 12. The 
unnecessary coupling is likely to occur when the height 
of the bunrp is decreased in order to reduce the induct- 
ance of bump 40. The coplanar type is especially desir- 
able since a high-frequency signal is transferred 
through a signal line fbr output However, the design is 
not limited thereto and a slot pattern for connection with 
chip high-frequency circuit 32 in terms of electromag- 
netic wave may be formed or no pattern may be formed 
depending on the intention of the desiga 
[0024] Rg. 8 is an enlarged perspective view of signal 
line 13 and front ground 14. As shown in Rg. 8. the 
group of conductive through holes 22 connecting front 
ground 14 arxJ background 16 are each separated from 
a center line of signal line 1 3 by one fourth of the effec- 
tive wavelength or less. Further, ttie group of conductive 
through holes 22 are separated from each other by one 
fourth of the effective wavelength or less. Such an 
arrangement of the group of conductive through holes 
22 provides an equal high-frequency potential of front 
ground 1 4 and back ground 16 to cause short-circuit ter- 
mination of front ground 14 witti t>ack ground 16 in 
terms of high-frequency. This is especially effective 
when an output level of a high-frequency signal is high. 
[0025] To shut out electromagnetic waves from cNp 
high-frequency circuit 32 is also necessary. In the high- 
frequency semiconductor device according to this 
embodiment, the chip high-frequency circuit is sealed in 
terms of electromagnetic wave by placing bumps 40 
inside chip ax>unt area 19 as shown in Rg. 5, instead of 
sealing in terms of electromagnetic wave by covering 
the chip high-frequency circuit with the cap as done by 
the conventional way. Spedfically. perimeter region 20 
of chip mount area 19 of substrate high-frequency cir- 
cuit 12 is formed as the coplanar type line. AdditionaDy. 
peripheral bumps 41 are placed at a chip periphery 37 
of chip higMrequency circuit 32 as described below. 



and conductive through holes 22 connecting front 
ground 14 and back ground 16 are formed in a pre- 
scribed area of front grourxi 14 sandwiching signal line 
13 connected to the signal bump as shown in Rg. 5. 

5 [P026] Rg. 9 is a plan view of high-frequency Betrn- 
conductor chip 30. Chip high-frequency circuit 32 is 
formed with its center located in^de high-frequency 
semiconductor chip 30, and a chip per'phery ground 38 
is formed at chip periphery 37 with an interposed signal 

10 electrode 33 as a semiconductor paltem. Peripheral 
bumps 41 are arranged at chip periphery 37 to surround 
the inner portion of the chip. Peripheral bumps 41 are 
roughly classified into peripheral ground bumps 43 and 
peripheral signal bumps 42. Peripheral signal tximps 42 

16 are not adjacent to each other, and the interval between 
peripheral ground bumps 43 is one fourth of the effec- 
tive v^velength or less in principle. 
[0027] The effective wavelength is determined 
depending on the frequency used, the semiconductor 

20 base of high-frequency semiconductor chip 30. various 
layers formed on the semiconductor k>ase, dielecbic 
constant of substrate base 1 1 of interconnection sub- 
strate 10 or the like, dielectric constant of ttie gap space 
or the Gke formed by the bumps between high-fre- 

26 quency semiconductor chip 30 and interconnection sub- 
strate 10. or the three dimensional shape including 
various conductors or the like, and is generaDy about a 
few millimeters to one hundred microns as the millimet- 
ric wave. 

30 [0028] If the interval between peripheral fcnjmps 41 is 
equal to or less than one fourth of the effective wave- 
length (approximately 1 millimeter to approximately sev- 
eral tens microns as the miOimetric wave), 
electromagnetic waves cannot proceed over peripheral 
36 bumps 41 . The reason is that the portion sun^ounded by 
peripheral ground bunnps 43 adjacent to each other, 
front ground 14, and back ground 16 connected to 
peripheral ground bumps 43 can t>e regarded as a 
waveguide, so that elecb-omagnetic waves generated 
40 as the waveguide mode are cut off and leakage of the 
electromagnetic waves can be prevented. It is known 
theoretically that twice a gap corresponds to the cutoff 
frequency, specffically an interval of one half of the 
effective wavelengtii or less generates a sharp increase 
46 in attenuation. However, this Is applied to a theoretical 
waveguide. In the case of such a supposed waveguide, 
since there is uneven ness macroscopically and micro- 
scopically and the length of the guide is short, one 
fourth of the effective wavelength or less is appropriate 
60 fbr suffidently stable cut-off. 

[0029] To surround high-frequency semiconductor 
chip 30 entirely witfi conductive cap 50 becomes unnec- 
essary by arranj^ng peripheral bunrps 41 at the high- 
frequency semiconductor chip. Accordingly, electro- 
ns magnetic waves emitted from chip high-frequency cir- 
cuit 32 can be enclosed in tiie gap space to seal in 
terms of electromagnetic wave. According to ttiis 
method, the nunrt>er of bumps including the ground 
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bumps incre^es compared with the conventional way. 
However, this method Is desirable considering enhance- 
ment in mechanical strength for joint with interconnec- 
tion substrate 10. and ground enforcement of high- 
frequency circuit 12 of interconnection substrate 10 as 5 
weQ as high-frequency circuit 32 of high-frequency senv 
iconductor chip 30. As shown in Fig. 10, wall-shaped 
ground bumps 39 may be arranged disoontinuousiy at 
chip periphery 37 except for the portion of signal elec- 
trode 33 to surround the region inside the diip. 
[0030] As shown in Fig. 1 1 . a rear ground 35 may be 
formed on the rear side of high-frequency semicorKluc- 
tor chip 30 and through holes 36 may be placed 
between a front ground 34 of ch^ high-trequerKy circuit 
32 and rear ground 35 fbr enforcing eeafing in ternrts of 
electromagnetic wave from the rear side of high-fre- 
quency semiconductor chip 30. Since radiation of elec- 
tromagnetic waves to a space is stronger when the 
dielectric constant is lower, the structure illustrated in 
Fig. 1 1 is desirable to the low dielectric constant of the 
semiconductor base and to high output. 
[0031] Rgs. 12A-12D are side views illustrating gen- 
eral shapes of the txjnrps produced by wire bumping 
before ffip-chip bonding. Generally, the bump has a 
diameter of approximately 50-1 50 microns and a height 
of approximate 20-60 microns after f Gp-chfp. Since the 
bumps can be formed after the wafer process or the dic- 
ing, the bumps can be arranged freely. This is very con- 
venient since a desired gap can be produced by 
changing the wire diameter, bumping condition, and flip- 
chip bonding condition. This arrangement is easily 
applicable to all high-frequency semiconductor chips 
having various shapes. 

[0032] If the bunrp is produced by electrolytic plating 
or the like, the mask as well as plating condition should 
be changed in order to cr^ge the arrangement of 
bumps. Further, in oider to change the height of bumps, 
the resist thickness should be changed. The limit of the 
height of the bump is approximately 20 microns since 
this value allows openings of the resist by exposure to 
be made stably. Those process steps should be done in 
the wafer process and accordingly, the period for con- 
sideration and the cost would significantly Increase 
compared with the bumping described above. 
[0033] Rg. 13 is an enlarged perspective view illustrat- 
ing a peripheral signal txjmp 42 of high-frequency sem- 
iconductor chip 30 and high-frequency signal line 13 on 
the interconnection substrate. Front grounds 14a and 
14b formed at the same plane as signal line 13 are 
placed on both sides of signal line 13, and conductive 
through holes 22a and 22b connecting front grounds 
1 4a and 1 4b and back ground 1 6 are placed with signal 
line 13 interposed therebetween at the positions (indi- 
cated by the hatched circles in the drawing] close to 
high-frequency semicorvluctor ch'p 30. Per^>heral sig- 
nal tump 42 formed at signal electrode 33 of high-fre- 
quency semk»nductor cfiip 30 is placed between 
perq>heral ground bumps 43a and 43b. Peripheral sig- 



nal bump 42. and peripheral grourKl bumps 43a and 
43b are respectively connected to an inner terminal 18 
of signal Bne 13. front ground 14a and front ground 14b 
of the interconnection sitetrate. 
[0034] Conductive through holes 22a and 22b are 
separated respectively from peripheral grourx) bumps 
43a and 43b by one fourtti of the effective wavelength or 
less. Conductive through holes 22a and 22b are located 
in an area separated from the center line of signal line 
13 by one fourth of the effective wavelength or less. 
Since conductive through holes 22a and 22b are 
arranged at the positfon corresponding to input/output 
of the signal line, front grounds 14a and 14b around this 
portion have the same tdgh-frequency potential, so that 
tiie front ground and the back ground are short-circuit 
terminated and thus a superior transmission line can be 
provided. 

[0035] The length of conductive through hole 22 cor- 
re^fxxids to the distance between front ground 14 and 
back ground 16, that is. the thickness of suk>strate t>ase 
11, if the high-frequerx^ semiconductor device shown 
in Rg. 13 is applied. If the thickness of substrate base 
1 1 is too large, the inductance of the conductive through 
hole increases and tiie difference in Ngh-frequency 
potent^ between front ground 14 and tsack ground 16 
also increases. Furtiw. the widtii of signal line 13 as 
welt as spaces respectively located between sigrial line 
13 and front ground 14a and front ground 14b increase 
to increase the distance between peripheral bunrps 43a 
and 43b, so that one fourth of the effective wavelengtti 
or less is impossible. On the other hand, tiie too small 
thickness of suk>strate base 11 is inappropriate since 
tiie interconnection wktth of substrate high-frequency 
circuit 12 decreases to increase transmission loss, and 
various differences in manufacture cannot be ignored in 
terms of high-frequency characteristic. In terms of 
mechanical aspect, the two small thickness of the sub- 
strate t>ase is not preferabia Therefore, the range of the 
thickness of semiconductor base 1 1 is determined to 
some extent in order to realize a high-frequency semi- 
conductor deface having a preferable high-frequency 
characteristic. Considering the condition described 
atx>ve, the Ngh-firequency semiconductor device of this 
embodiment is formed by selecting 150 microns as the 
optimum value. If the device is used with the microwave 
or the rrallimetric wave, an appropriate value of the 
thickness of substrate base 1 1 is often found in a range 
from 100 to 1000 microns. 

[0036] Rg. 14 is an enlarged cross sectional view 
illustrating a joint between outer periphery ground 15 
£Uid cap 50 of tiie high-frequency semiconductor device 
according to this embodiment The reflow of high-tem- 
perature soMer as a conductive jointing material 60 is 
applied to the joint between outer periphery ground 15 
and cap 50. In order to prevent the solder from f lowrig 
inside and outside, a conductor pattern is prepared 
such tiiat front ground 1 4 and outer periphery ground 15 
of substrate high-frequency circuit 12 are connected, 
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and a solder dam 25 is provided thereon as solder anti- 
running agent As shown in Rg. 15. a conductor pattern 
may t>e produced to separate front ground 14 from outer 
perqshery ground 15. If thermo compression landing of 
Au and Au is applied to conductive joint 60, solder dam 
25 shown in Rg. 14 is not required, and separation of 
front ground 14 from outer periphery ground 15 as 
shown in Fig. 15 is unnecessary. The connection may 
be made by welding. 

[0037] Rg. 1 6 is an enlarged perspective view of cap 
50. Cap 50 s formed mainly of a ceramic cap t>ase. and 
has a function of atjsorbtng electromagnetic waves 
since a cap edge 55 which is in contact with outer 
periphery ground 15 and an nnner surface 57 of cap 50 
are produced by applying a cortductive material contain- 
ing magnetic powder thereto and calcining it. However, 
emission of electromagnetic waves from high-frequency 
semiconductor chip 30 is shut out in this embodiment as 
described above. Therefore, it is enough for cap 50 to 
have a mechanical sealing function and hermetic seal- 
ing function. In view of this, cap 50 may be provided as 
a cap formed only of ceramic which has no conductivity. 
[0038] The high-frequency semiconductor device 
according to this embodiment requires hermetic sealing 
since high-frequency semiconductor chip 30 is fbrmed 
of material which is easBy affected by moisture or tem- 
perature. Accordingly, a conductor is formed at cap 
edge 55 and the airtight arrangement using the high- 
temperature solder is applied. Depending on the com- 
ponent material and use, glass seal may be employed if 
hermetic sealing is not highly required. In this case, the 
conductor of the cap edge becomes unnecessary. Sim- 
ilarly, if the hermetic sealing Is not so highly required, 
resin cap or resin potting may be employed. If the resin 
potting is used instead of the cap. the portion on the 
substrate high^requency Q'rcuit as well as the gap of 
the high-frequency semiconductor chip are fiOed with 
resin. In this case, the ambient of the sulsstrate high-fre- 
quency circuit and the high-frequency semiconductor 
chip is not atmosphere different from the case in which 
the cap is employed, so that a high-frequency design 
considering the high-frequency characteristic of the 
resin is required. Considering relative dielectric con- 
stant and dielectric loss for the high^requency wave 
such as the millimetric wave, the use is Gmited. 
[0039] Rg. 17 is an enlarged cross sectional view 
iDustrating where signal line 13 extending to an outer 
terminal 17 and cap edge 55 cross with each other, and 
Fig. 1 8 is a plan view thereof. On signal line 1 3, a cross- 
ing section ceramic layer 26 is placed to reach outer 
periphery ground 15 on both sides of signal line 13, and 
a crossing section conductor layer 27 is placed on the 
ceramic layer. This arrangement prevents short drcuit 
of signal line 1 3 and a conductive pinting material SO. At 
this portion, the effective dielectric constant changes 
depending on crossing section ceramic layer 26 or the 
like, and aocorcfingly the width of signal line 13 or the 
like is changed for matching. 



[0040] In the high-frequency semiconductor device 
according to this embocfiment peripheral bumps are 
provided at the high-frequency senticorKju<^ ^ip with 
an interval equal to or less tf^an one fourth of the effec- 

5 tive wavelength, arvi the conductive through holes con* 
necting the front ground and the badk. ground are 
provided in a prescribed area at the input/output portion 
of the signal line of the siisstrate high-trequency drctit. 
so that the high-frequertcy circuit inside the high-fre- 

10 quency semiconductor chip can be sealed in terms of 
electromagnetic wave as described above. Corse- 
quently. high-fr^uency design of the high-frequency 
semiconductor device can be easily made with a 
reduced size. In additfon. a group of conductive through 

IS holes are provided in the prescrftsed area along the 
high-frequency signal line, so that sealing in terms of 
electromagnetic wave for the high-frequency signal line 
can fc>e enforced. Accordingly, design of the high-fre- 
quency package accommodating the high-frequency 

20 semioonductor chip can be made highly easily. 

(Second Embodimem} 

[0041] Rg. 19 iltustFotes a cross section of a hiQ^fre- 
25 quency semiconductor device according to the second 
embodiment off the invention. This high-frequency sem- 
iconductor devfoe is different from the high-frequency 
semiconductor device of the first embodiment shown in 
Rgs. 5 and 6 in that a sut>strate lower layer base 24 is 
30 placed below back ground 16. Therefore, the detailed 
description of the same structure and function is not 
repeated hera Substrate lower layer base 24 provides a 
mechanically enforced structure in addition to those 
effects obtained by the hi^frequency semiconductor 
35 device of the frstembodinrtent. 

(Third Embodiment) 

[0042] Fig. 20 illustrates a cross section of a high-fre- 

40 quency semiconductor device according to the third 
embodiment of the invention. The only difference 
between this high^equency semiconductor device and 
that of the first emtxxfiment shown in Figs. 5 and 6 is 
that a plurality off high^requency semiconductor chips 

45 30a and 30b are mounted on a 8ut>8trate high-fre- 
quency circuit 12. Therefore, the detailed description of 
the same structure and function is not repeated here. 
Peripheral bumps 41 are formed at high-frequency sem- 
iconductor chips 30a and 30b with an interval equal to 

60 or less than one fourth of the effective wavelength of the 
high-frequency signal as described in conjunction with 
the high-frequency semiconductor device of the first 
embocfiment In addition, a conductive through hole 22 
connecting a front ground 14 and a back ground 16 is 

ss fbrmed in an area separated from peripheral bump 41 
t>y one fourth off the effective wavelength or less and 
separated from a signal line 13 by one fourth of the 
effective wavelength or less bi the vkanity of the portion 
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where a signal bump of Ngh^equency semiconductor 
ch\r> 30 and signal line 1 3 are connected 
[0043] Emission off electromagnetic waves from a chip 
higfi-frequency circuit 32 is shut out by peripheral 
bumps 41 at high-frequency semiconductor chips 30a s 
and 30b respectively, so that arrangement of such a 
compiicated etectromagnetic wave absorption k)lock as 
described in conjunction with Vrte conventional art or 
mounting of a high-frequency semicorxJuctor chip on an 
interconnection 8ut>strate after placing the chip in a sep- io 
arate package is not required. Consequently, compared 
with the. conventional high^requency semiconductor 
device with a plurality of high>frequency semiconductor 
chips mounted as shown in Rg. 3 or Figs. 4A-4B, the 
high-frequency semiconductor chip of this embodiment i6 
can exhitxt a superior high-frequency characteristic with 
a small size and an advantageous cost. 
[0044] Two of high-frequency semiconductor chips are 
arranged as shown in Fig. 20 in this emt>odiment Even 
if the number of the high-frequency semiconductor so 
chips increases, design is very easy since sealing in 
terms of electromagnetic wave is possiisle by providing 
peripheral bumps on the periphery of each high-fre- 
quency semiconductor chip. 

[0045] Although the high-frequency semiconductor 2s 
chip for the millimetric wave is used Ibr de8crf>tion of 
the high-frequency semiconductor devices of the first to 
the third embodiments, the invention is apparently appli- 
cable to the high-frequency semiconductor device for 
any frequency lower or higher than the millimetric v^e. 30 
[0046] Although the present invention has been 
desaibed and illustrated in detail, it is dearty under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitalion. the spirit 
and scope of the present invention being limited only by ss 
the terms of the appended claims. 

Claims 

1. A high-frequency semiconductor device compris- 4o 
ing: 

an interconnection substrate (10) having one 
surface where a substrate high-frequency cir- 
cuit (1 2) including a first ground (14) is formed 4S 
and the other surface where a second ground 
(16) is formed; and 

peripheral kximps (41) including ground bumps 
provided on a periphery of a high-frequency 
semiconductor ctnp (30) v«th an interval equal 60 
to or less than a first prescribed length to sur- 
round the high-frequency semicorxluctor chip 
(30) where a ch'p high-frequency circuit (32) is 
formed, wherein 

oonductiva through holes (22) are placed in a S6 
region separated by the first prescribed length 
or less from a sigi^al line (13) connected to a 
signal bump of said high-frequency semicon- 



ductor chip (30) and separated by the first pre- 
scnt>ed length or less from said periphernl 
txjmps (41) to connect said first ground (14) 
and said second ground (16). 

2. The ftigh-frequency semiconductor device accord- 
ing to dalm 1, vkrherein 

a perimeter region (20) of a chip mourrt area of 
said substrate high-frequency circuit (12) is a 
ooplanar type line. 

3. The high-frequency semiconductor device accord- 
ing to daim 1, wherein 

said first prescnised length is one fourth of an 
effective wavelength of a high-frequency sig- 
nal. 

4. The high-frequency semiconductor device accord- 
ing to daim 1, wherein 

said peripheral bunps (41) are formed by 
bumping using a wire. 

5. The high-frequency serhiconductor device accord- 
ing to daim 1, wherein 

said high-frequency semiconductor chip (30) 
has one surface where the chip high-frequency 
drcutt (32) including a third ground (34) Is 
formed and the other surface where a fourth 
ground (35) connected to saki third ground (34) 
by a through hole (36) is formed. 

6. The high-frequency semiconductor device accord- 
ing to daim 1, wherein 

a group of conductive through holes (22) are 
placed in a region of said interconnection sub- 
strate (10) separated from said signal line by a 
second prescribed length or less with an inter- 
val equal to or less than said second pre- 
scribed length to connect ssa6 first ground (1 4) 
and saia second ground (16). 

7. The high-frequency semiconductor device accord- 
ing to daim 1 , further comprising a cap (50) for her- 
metically sealing a surface where said sutsstrate 
high-frequency circuit (12) of said irtterconnection 
suk)strate (10) is formed. 

8. The high-frequency senniconductor device accord- 
ing to d€um 1. wherein 

a plurality of high-frequency semicondudor 
chips (30) are mounted at said 8ul>^te high- 
frequency drcuH (12). 
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9. The high-frequency semiconductor device accord* 
ing Id daim 6, wherein 

said second prescribed length is one fourth of 
an effective wavelength of a high-frequency 
signal. 

10. The high-frequency semiconductor device accord- 
ing to claim 6, wherein 

a perimeter region (20) of a chip mount area of 
said substrate high-frequency circuit (12) is a 
coplanar type Una 

11. The high-frequency semioorKluctor device accord- is 
ing to claim 6, wherein 

said first prescribed length is one fourth of an 
effective wavelength of a high-frequency sig- 
nal. 20 

12. The high-frequency semioonductor device accord- 
ing to claim 6. wherein 

said peripheral bumps (41) are formed t>y 2s 
txjmping using a wire. 

13. The high-frequency semiconductor device accord- 
ing to claim 6. wherein 

30 

sakl Wgh-frequency semiconductor chip (30) 
has one surface where the chip high-frequency 
circuit (32) including a third grour^ (34) is 
formed and the other surface where a fourth 
ground (35) connected to said third ground (34) $s 
by a through hole (36) is formed. 

14. The high^requency semiconductor device accord- 
ing to claim 6, further comprising a cap (50) her- 
metically sealing a surface where said subsfrate 40 
high-frequency circuit (12) of said interconnection 
substrate (10) is formed. 

15- The high^equency semioonductDr device accord- 
ing to claim 6, wherein 4s 

a plurality of high-frequency semiconductor 
chips (30) are mounted at said substrate high- 
frequency circuit (12). 
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